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'00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LQKRWSURFHVVLQJ 
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0Q6L96DQG&0QDQGREWDLQHGWKHLQVWDELOLW\GRPDLQVE\FRQVWUXFWLQJWKHSURFHVVLQJPDSVWRLGHQWLI\
WKHVDIHUHJLRQVIRUPHWDOZRUNLQJ>@+5DVWHJDULHWDOXVHGWKHSURFHVVLQJPDSVWRHYDOXDWHWKHPDWHULDOIORZ
EHKDYLRUDQGWRGHILQHGLIIHUHQWGRPDLQVDQGLQVWDELOLW\UHJLPHVVKRZLQJYDULRXVPLFURVWUXFWXUDOPHFKDQLVPVDV
ZHOO DV WR LGHQWLI\ WKH VDIHSURFHVVLQJZLQGRZZLWKRXWGHIHFWVGXULQJZDUP IRUPLQJRI WKHHXWHFWRLG VWHHO >@
=KLQDQ<DQJHWDOGHWHUPLQHGWKHH[SDQGHGLQVWDELOLW\UHJLRQRIWKHORZFDUERQEDLQLWLFVWHHO0Q6L&U$O1L0R
E\FRQVWUXFWLQJWKHSURFHVVLQJPDSVDWGLIIHUHQWVWUDLQVDQGRSWLPL]HGWKHSURFHVVLQJSDUDPHWHUVE\FRPELQLQJWKH
SURFHVVLQJ PDSV ZLWK PLFURVWUXFWXUDO REVHUYDWLRQ >@ <DQJ &KHQJ HW DO VWXGLHG WKH PHWDG\QDPLF
UHFU\VWDOOL]DWLRQ0'5;EHKDYLRUDQGFKDUDFWHULVWLFVRI+5&DXVWHQLWLFKHDWUHVLVWDQWVWDLQOHVVVWHHOE\FRPELQLQJ
WKHNLQHWLFHTXDWLRQVRI0'5;DQGKRWSURFHVVLQJPDSVDQGREWDLQHGWKHVWDELOLW\GRPDLQ>@/L0LDRTXDQDQG
=KDQJ;LDR\XDQRSWLPL]HGWKHIRUJLQJSDUDPHWHUVRI7&DOOR\EDVHGRQWKHSURFHVVLQJPDSV>@4XDQHWDO
VWXGLHGWKHLQWULQVLFZRUNDELOLW\RIDVH[WUXGHG&U0RKLJKVWUHQJWKVWHHOWKHRSWLPDOZRUNLQJSDUDPHWHUVZDV
LGHQWLILHGE\SURFHVVLQJPDSVDQGYDOLGDWHGE\PLFURVWUXFWXUHREVHUYDWLRQV>@ 
&U0Q7L+VWHHOLVDORZFDUERQDOOR\VWHHODQGZLGHO\XVHGWRPDQXIDFWXUHWKHWUDQVPLVVLRQFRPSRQHQWV
VXFKDV JHDUV ULQJ JHDUV DQGJHDU VKDIWV7KH SUHYLRXV UHVHDUFKHVRQ&U0Q7L+ VWHHO PDLQO\ IRFXVHG RQ WKH
PDWHULDOFRQVWLWXWLYHPRGHOLQJDQGIORZEHKDYLRUEDVHGRQWKHKRWFRPSUHVVLRQH[SHULPHQWV,WIRXQGWKDWDYHUDJH
JUDLQVL]HYDULHGZLWKWKHGHIRUPDWLRQWHPSHUDWXUHDQGVWUDLQUDWHGXULQJKRWGHIRUPDWLRQ>@7KHLUUHVXOWVDUH
XVHIXOLQGHYHORSLQJWKH)LQLWH(OHPHQW)(PRGHOWRVLPXODWHKRWIRUPLQJRIJHDUSDUWVPDGHRI&U0Q7L+VWHHO
E\DSSOLHGWKHFRQVWLWXWLRQHTXDWLRQVREWDLQHGLQ>@+RZHYHUWKHVHUHVXOWVFDQQRWEHXVHGWRGHVFULEHWKHVDIH
UHJLRQZLWKJRRGKRWZRUNDELOLW\DQGLQVWDELOLW\UHJLRQVWKDWVKRXOGEHDYRLGHGGXULQJKRWIRUPLQJSURFHVV 
  7KLVSDSHU LVDLPHG WR LQYHVWLJDWH WKHKRWZRUNDELOLW\FKDUDFWHULVWLFDQGREWDLQ WKHRSWLPDOKRWZRUNLQJ
SDUDPHWHUVRI&U0Q7L+VWHHOE\HVWDEOLVKLQJWKHKRWSURFHVVLQJPDSDWGLIIHUHQWGHIRUPDWLRQWHPSHUDWXUHVWUDLQ
UDWHDQGVWUDLQFRQGLWLRQVE\FRPELQLQJWKHSURFHVVPDSZLWKWKHPLFURVWUXFWXUHGXULQJSURFHVVLQJ 
  
2. 'HYHORSPHQWRIKRWSURFHVVLQJPDSVRI&U0Q7L+ 
 
)XQGDPHQWDOVRISURFHVVLQJPDSV 
,URQPDNLQJ	6WHHOPDNLQJ         :)HQJ)4LQ	+/RQJ 
DOI: 10.1080/03019233.2016.1264145 
 
 
$FFRUGLQJWRWKH'00PRGHOWKHGHIRUPHGZRUNSLHFHLVFRQVLGHUHGDVDQRQOLQHDUHQHUJ\GLVVLSDWHUDQGWKH
GHIRUPDWLRQ SURFHVV ZDV DV DQ HQHUJ\ FRQVHUYDWLRQ V\VWHP 7KH LQVWDQWDQHRXVO\ GLVVLSDWHG WRWDO SRZHU 3 RI
ZRUNSLHFHGXULQJKRWZRUNLQJFRQVLVWHGRIWZRFRPSOHPHQWDU\SDUWVRQHLVWKHSRZHUGLVVLSDWHGFRQWHQW*E\
SODVWLFGHIRUPDWLRQZKLFKUHVXOWVLQWKHWHPSHUDWXUHWREHLQFUHDVHGDQRWKHULVWKHSRZHUGLVVLSDWLRQFRFRQWHQW-
FDXVHGE\PHWDOOXUJLFDOSURFHVVZKLFKUHVXOWVLQWKHPLFURVWUXFWXUDOFKDQJH7KHLQVWDQWDQHRXVO\GLVVLSDWHGWRWDO
SRZHU3FDQEHGHVFULEHGLQWHUPVRIVWUDLQHQHUJ\DWDJLYHQWHPSHUDWXUHLQWKHKRWIRUPLQJUHJLPH>@ ܲ ൌ ɐഥ  ? ߝҧሶ ൌ ׬ ߪതఌതሶ଴  ? ݀ߝҧሶ ൅ ׬ ߝҧሶ  ? ݀ߪതఙഥ଴ ൌ ܩ ൅ ܬ                  
ZKHUH ɐഥ LVWKHHIIHFWLYHVWUHVVDQG ߝҧሶ LVWKHHIIHFWLYHVWUDLQUDWH 
)RUDSODVWLFDOO\GHIRUPHGPDWHULDOWKHFRQVWLWXWLYHHTXDWLRQFDQEHGHILQHGDWDJLYHQGHIRUPDWLRQWHPSHUDWXUH
7WKHHIIHFWLYHVWUDLQUDWH ߝҧሶ DQGWKHHIIHFWLYHVWUDLQ ɂത DVIROORZV ɐഥ ൌ ܭሺܶǡ ߝҧǡ ߝ ҧሶሻߝ ҧሶ௠                            
ZKHUH.LVVWUHQJWKFRHIILFLHQWPLVWKHVWUDLQUDWHVHQVLWLYLW\H[SRQHQWZKLFKGHILQHVWKHUHODWLYHSURSRUWLRQ
RIWRWDOHQHUJ\EHWZHHQSODVWLFGHIRUPDWLRQDQGPLFURVWUXFWXUDOFKDQJHDWJLYHQWHPSHUDWXUHDQGVWUDLQˈDQGWKH
YDOXHRIPFDQEHFDOFXODWHGDFFRUGLQJWRWKHIORZVWUHVVREWDLQHGIURPWKHKRWFRPSUHVVLRQH[SHULPHQWV,WFDQEH
H[SUHVVHGE\ 
 ൌ  ?ܬ ?ܩ ൌ ׬ ߝҧሶ݀ߪതఙഥା ?ఙഥఙഥ׬ ߪതఌതሶ ା ?ఌതሶఌതሶ ݀ߝҧሶ ൌ ߝҧሶ ?ߪതߪത ?ߝҧሶ ൌ ߝҧሶ݀ߪതߪത݀ߝҧሶ ൌ ݈݀݊ߪത݈݀݊ߝҧሶ 
                   
7KH HIILFLHQF\ RI SRZHU GLVVLSDWLRQ Ș LV LQWURGXFHG WR UHSUHVHQW KRZ HIILFLHQWO\ WKH SRZHU GLVVLSDWHV E\
PHWDOOXUJLFDOSURFHVVGXULQJSODVWLFGHIRUPDWLRQ,WLVGHILQHGDVDOLQHDUGLVVLSDWHUP  
ߟ ൌ  ?ܬ  ?ܲൗቀ ?ܬ  ?ܲൗ ቁ௟௜௡௘௔௥ ൌ
 ?ܬ ሺ ?ܬ ൅  ?ܩሻൗቀ ?ܬ  ?ܲൗ ቁ௟௜௡௘௔௥ ൌ
݉ ሺ݉ ൅  ?ሻൗ  ?  ?ൗ ൌ  ?݉݉ ൅  ? 
              
7KHHIILFLHQF\RISRZHUGLVVLSDWLRQȘVKRZVWKHSRZHUGLVVLSDWLRQFDSDFLW\RI WKHGHIRUPHGZRUNSLHFH,WV
YDOXHYDULHVZLWKWKHGHIRUPDWLRQWHPSHUDWXUHDQGVWUDLQUDWHDWDJLYHQVWUDLQ$QHTXLYDOHQWFRQWRXUPDSFDQEH
SORWWHGWRUHSUHVHQWWKHWKUHHGLPHQVLRQDOYDULDWLRQRIȘZLWKWHPSHUDWXUHVWUDLQUDWHDQGVWUDLQZKLFKFRQVWLWXWHV
WKH SRZHU GLVVLSDWLRQ PDS XVHG WR DQDO\]H WKH PLFURVWUXFWXUH HYROXWLRQ PHFKDQLVP XQGHU GLIIHUHQW SURFHVV
FRQGLWLRQV 
7KHKRWZRUNLQJFRQGLWLRQVZLWKKLJKHUHIILFLHQF\RISRZHUGLVVLSDWLRQDUHQRWQHFHVVDULO\VDIHUHJLRQVIURP
,URQPDNLQJ	6WHHOPDNLQJ         :)HQJ)4LQ	+/RQJ 
DOI: 10.1080/03019233.2016.1264145 
 
PLFURVWUXFWXUDOYLHZSRLQWVLQFHWKHVHFRXOGEHFUDFNLQJRUGDPDJHURRWFDXVHVWKXVWKHHYDOXDWLRQFULWHULDIRUWKH
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D ɂሶ ൌ  ?Ǥ ? ?ݏିଵE ɂሶ ൌ  ?Ǥ ?ିݏ ଵ
F ɂሶ ൌ  ?Ǥ ?ିݏ ଵ  
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0.1044 
0.0590 
0.1863 
0.1365 
0.0867 
0.2372 
0.1717 
0.1061 
0.2184 
0.1669 
0.1154 
0.1412 
0.1074 
0.0735 
0.2407 
0.1684 
0.0960 
0.2097 
0.1832 
0.1567 
0.2157 
0.1883 
0.1610 
0.2498 
0.1855 
0.1212 
0.2667 
0.2031 
0.1396 
0.2495 
0.2183 
0.1871 
0.2252 
0.2075 
0.1981 
0.2306 
0.2110 
0.1914 
0.2222 
0.2038 
0.1855 
0.2677 
0.1952 
0.1226 
0.2369 
0.1959 
0.1548 
0.2179 
0.1990 
0.1801 
0.1886 
0.1861 
0.1835 
0.1952 
0.1925 
0.1898 
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3URFHVVLQJPDSVRI&U0Q7L+ 
7KHPYDOXHVREWDLQHG LQ7DEOHDUHXVHGWR FDOFXODWH WKHHIILFLHQF\RISRZHUGLVVLSDWLRQȘDQG WKH LQVWDELOLW\
FRHIILFLHQW ȟ DFFRUGLQJ WR (T  DQG (T  WKXV WKH SRZHU GLVVLSDWLRQ PDSV DQG WKH LQVWDELOLW\ PDSV IRU
&U0Q7L+VWHHOFDQEHREWDLQHGXQGHUGLIIHUHQWWHPSHUDWXUHVVWUDLQUDWHVDQGVWUDLQVUHVSHFWLYHO\DVVKRZQLQ
)LJDQG)LJ)LJDDUHWKH'SRZHUGLVVLSDWLRQPDSVIRU&U0Q7L+VWHHOZKLFKFDQUHSUHVHQWWKHWKUHH
GLPHQVLRQDO YDULDWLRQ RI Ș ZLWK WHPSHUDWXUH VWUDLQ UDWH DQG VWUDLQ )LJEI DQG )LJDH VKRZ WKH ' SRZHU
GLVVLSDWLRQPDSVDQGWKHLQVWDELOLW\PDSVIRU&U0Q7L+VWHHOXQGHUGLIIHUHQWKRWZRUNFRQGLWLRQVDQGWKHFRQWRXU
YDOXHVLQGLFDWHWKHȘYDOXHDQGȟYDOXHUHVSHFWLYHO\)URPWKHVHUHVXOWVWKHKRWSURFHVVLQJPDSVIRU&U0Q7L+
VWHHODWWKHGHIRUPDWLRQWHPSHUDWXUHUHJLRQRIaϨ&VWUDLQUDWHaVDQGWKHVWUDLQRIaFDQEH
GHYHORSHGE\VXSHULPSRVLQJ)LJDQG)LJDVVKRZQLQ)LJ7KHFRQWRXUYDOXHVUHSUHVHQWWKHȘYDOXHXQGHU
GLIIHUHQWFRQGLWLRQV 
 
)LJ'DQG'SRZHUGLVVLSDWLRQPDSVRI&U0Q7L+VWHHODWGLIIHUHQWFRPSUHVVLYHVWUDLQV 
 
)LJ'DQG'LQVWDELOLW\PDSVRI&U0Q7L+VWHHODWGLIIHUHQWFRPSUHVVLYHVWUDLQV 
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)LJ3URFHVVLQJPDSVRI&U0Q7L+VWHHODWGLIIHUHQWFRPSUHVVLYHVWUDLQV 
 
3. 5HVXOWVDQGGLVFXVVLRQV 
 
6DIHUHJLRQDQG,QVWDELOLW\UHJLRQ 
 
*HQHUDOO\WKHHIILFLHQF\RISRZHUGLVVLSDWLRQȘUHSUHVHQWVWKHUDWHRIPLFURVWUXFWXUDOHYROXWLRQRFFXUUHGGXH
WRKRWGHIRUPDWLRQ7KDWLVWRVD\WKHUHJLRQVZLWKDKLJKHUȘYDOXHLQWKHSRZHUGLVVLSDWLRQPDSPHDQVWKDWWKH
PDWHULDO LV RI WKHEHWWHUKRW ZRUNDELOLW\DQGHDVLHU WR DFKLHYHPLFURVWUXFWXUHHYROXWLRQ$FFRUGLQJ WR)LJ WKH
HIILFLHQF\RISRZHUGLVVLSDWLRQȘ YDULHVZLWK WKH VWUDLQ7KH SHDNȘ YDOXH LQFUHDVHV ILUVWO\ WKHQ GHFUHDVHV ZLWK
LQFUHDVLQJVWUDLQDQGRFFXUDWKLJKWHPSHUDWXUHDQGORZVWUDLQUDWHZKHQVWUDLQYDOXHLVDWaDQGDOVRH[LVWVDW
PRGHUDWHWHPSHUDWXUHDQGORZHUVWUDLQUDWHZKHQVWUDLQLVDWa7KHSHDNYDOXHVRIȘDUH
DQGDWWKHVWUDLQYDOXHVRIDQGUHVSHFWLYHO\,QWKHOLJKWRIWKHSUHYLRXVUHVHDUFK
>@DQG)LJWKHVWUHVVVWUDLQFXUYHVIRU&U0Q7L+VWHHOH[KLELWWKHG\QDPLFUHFRYHU\'59DQGG\QDPLF
UHFU\VWDOOL]DWLRQ'5;VRIWHQLQJPHFKDQLVP7KHIORZVWUHVVZKLFK LQFUHDVLQJUDSLGO\ ILUVW WKHQIODWWHQLQJRXW
JUDGXDOO\ZLWKLQFUHDVLQJVWUDLQLQGLFDWHVWKDWWKH'59EHKDYLRUWDNHVSODFHDWORZWHPSHUDWXUHDQGKLJKVWUDLQUDWH
7KHIORZVWUHVVFXUYHVZLWKSHDNDWWKHKLJKWHPSHUDWXUHDQGORZVWUDLQUDWHVKRZWKDWWKH'5;LVWKHGRPLQDQW
GHIRUPDWLRQ PHFKDQLVP DQG WKH GHIRUPHG PDWHULDO LV RI ODUJHU '5; GHJUHH DW KLJKHU WHPSHUDWXUH 7KH '5;
EHKDYLRULVDFFRPSDQLHGE\WKHKLJKHUSRZHUGLVVLSDWLRQWRSURYLGHHQHUJ\WRWKHJUDLQQXFOHDWLRQDQGJURZWK  
5HJLRQVZLWKKLJKSRZHUGLVVLSDWLRQHIILFLHQF\LVQRWQHFHVVDULO\VDIHUHJLRQVIRUGHIHFWIUHHGHIRUPDWLRQGXH
WRWKHFRPSOH[LW\RIWKHPLFURVWUXFWXUHHYROXWLRQ>@WKHLQVWDELOLW\PDSLVXVHGWRHVWLPDWHWKHLQVWDELOLW\UHJLRQV
IRUWKHGHIRUPHGPDWHULDO2QWKHEDVLVRIWKHLQVWDELOLW\FULWHULRQWKHLQVWDELOLW\UHJLRQVZLWKQHJDWLYHȟYDOXHVIRU
&U0Q7L+VWHHODUHPDUNHGLQUHGFRORULQ)LJDQGWKH\RFFXUDWWKHKLJKHUVWUDLQUDWHDQGORZHUWHPSHUDWXUH
)URP)LJWKHUHDUHWZRLQVWDELOLW\UHJLRQVDWWKHVWUDLQYDOXHRI2QHUHJLRQRFFXUVDWWKHWHPSHUDWXUHUDQJHRI
a&DQGWKHVWUDLQUDWHUDQJHRIaVDQRWKHURQHLVDWWKHWHPSHUDWXUHUDQJHRIa&DQGWKH
VWUDLQUDWHUDQJHRIaV7KHLQVWDELOLW\UHJLRQH[LVWVDWWKHWHPSHUDWXUHUDQJHRIa&DQGWKHVWUDLQ
UDWHUDQJHRIaVDQGDWWKHWHPSHUDWXUHUDQJHRIa&DQGWKHVWUDLQUDWHUDQJHRIaVDQGDW
WKH WHPSHUDWXUH UDQJH RI a& DQG WKH VWUDLQ UDWH UDQJH RI aV DQG DW WKH WHPSHUDWXUH UDQJH RI
a&DQGWKHVWUDLQUDWHUDQJHRIaVDQGDWWKHWHPSHUDWXUHUDQJHRIa&DQGWKHVWUDLQUDWH
UDQJHRIaVDW WKHVWUDLQRI UHVSHFWLYHO\7KHVHLQVWDELOLW\ UHJLRQVDUHFRQVLGHUHGDV
XQVDIHGHIRUPDWLRQ]RQHVZKLFKUHVXOWHGIURPGHIRUPDWLRQGHIHFWVVXFKDVIORZORFDOL]DWLRQDGLDEDWLFVKHDUEDQG
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DQGFUDFNLQJ>@DQGVKRXOGEHDYRLGHGGXULQJKRWIRUPLQJRI&U0Q7L+VWHHO 
    *HQHUDOO\WKHSURFHVVLQJPDSVDUHXVHGWRLGHQWLI\GLIIHUHQWGHIRUPDWLRQGRPDLQVZLWKYDULRXVPLFURVWUXFWXUDO
PHFKDQLVPVVXFKDV'59'5;DQGVXSHUSODVWLFGHIRUPDWLRQZKLFKFRQVLGHUHGDVVDIHPHFKDQLVPVLQWHUPVRI
WKH VDIH UHJLRQV ZLWKRXW WKH YRLG IRUPDWLRQ ZHGJH FUDFNLQJ LQWHUFU\VWDOOLQH FUDFNLQJ IORZ ORFDOL]DWLRQ DQG
DGLDEDWLFVKHDUEDQGZKLFKGHSLFWGDPDJHPHFKDQLVPVQDPHGLQVWDELOLW\UHJLRQ>@  
$VVHHQIURP)LJWKHSURFHVVLQJPDSRI&U0Q7L+VWHHOLVRIGLIIHUHQWFKDUDFWHULVWLFVZLWKWKHLQFUHDVLQJ
VWUDLQ IURP WR7KH LQVWDELOLW\ UHJLRQV RFFXU DW ERWK ORZ WHPSHUDWXUHZLWKDOO VWUDLQ UDWHV DQGDWKLJK
WHPSHUDWXUH ZLWK KLJK VWUDLQ UDWH DW WKH VWUDLQ RI $QG WKH DUHD RI LQVWDELOLW\ JUDGXDOO\ GHFUHDVHV ZLWK WKH
LQFUHDVLQJVWUDLQDQGRQO\HPHUJHVDWORZHUWHPSHUDWXUHDQGKLJKHUVWUDLQUDWHZLWKWKHVWUDLQYDOXHRIRYHU  
'5;LPSDUWVH[FHOOHQWKRWZRUNDELOLW\WRWKHPDWHULDODQGLVGHVLUDEOHIRUKRWIRUPLQJRIPDQ\PHWDOPDWHULDOV
>@7KHUHIRUHWREULQJDERXWWKHJUDLQUHILQHPHQWDQGWRLPSURYHWKHPHFKDQLFDOSURSHUWLHVRIWKHGHIRUPHGSDUWV
LWLVGHVLUDEOHWKDWWKH'5;EHKDYLRURFFXUVGXULQJKRWIRUPLQJSURGXFWVRI&U0Q7L+VWHHO5HIHUUHGWRWKH'5;
NLQHWLFVWKHQXFOHDWLRQRIWKH'5;JUDLQLQLWLDWHVDWWKHFULWLFDOVWUDLQ ߝ௖ pc HH 8.0 ZKHUH ߝ௣ LVWKHSHDNVWUDLQ
DQGFDQEHGHFLGHGDFFRUGLQJWRVWUDLQVWUHVVFXUYHRI)LJ7KXV ߝ௖  FDQEHFDOFXODWHGE\)LJDQGXVHGWRHYDOXDWH
ZKHWKHUWKH'5;EHKDYLRURFFXUVRUQRWDVVKRZQLQ7DEOH$VFDQEHVHHQIURP7DEOHWKHFULWLFDOVWUDLQ ߝ௖  LV
DIIHFWHGREYLRXVO\E\WHPSHUDWXUHDQGWKHVWUDLQUDWHDQGWKH'5;EHKDYLRUGRHVQRWRFFXUDWORZWHPSHUDWXUHVDQG
KLJKVWUDLQV7KXVWKHȘYDOXHVFDXVHGWKH'5;SKHQRPHQRQXQGHUGLIIHUHQWGHIRUPDWLRQFRQGLWLRQVDUHFDOFXODWHG
DFFRUGLQJ WR 7DEOH  7DEOH  DQG (T  DV VKRZQ LQ 7DEOH $V FDQ EH VHHQ IURP 7DEOH  WKH Ș YDOXHV
FRUUHVSRQGLQJWRWKHRFFXUUHQFHRI'5;DUHDSSUR[LPDWHO\RYHUDQGWKHȘYDOXHVDUHDSSUR[LPDWHO\LQWKH
UDQJHRIaZKHQWKHVWUDLQLVRYHUZKLFKLVLQDJUHHPHQWZLWKWKHUHVXOWVRIWKHSUHYLRXVUHSRUWV>@
7KHUHIRUHWKHVDIHDQGLQVWDELOLW\UHJLRQVZLWKKLJKHUȘYDOXHVıXQGHUGLIIHUHQWVWUDLQVIRU&U0Q7L+VWHHO
FDQEHGHWHUPLQHG,QILJWKHUHJLRQVLQUHGVKRZWKHLQVWDELOLW\GRPDLQVUHVXOWHGIURPGHIRUPDWLRQGHIHFWVVXFK
DVIORZORFDOL]DWLRQDGLDEDWLFVKHDUEDQGDQGFUDFNLQJDQGWKHUHJLRQVLQEOXHUHSUHVHQWWKHVDIHGRPDLQVȘı
ZLWKJRRGZRUNDELOLW\FRUUHVSRQGLQJWRWKH'5;PHFKDQLVP  
7DEOH7KHFULWLFDOVWUDLQİFXQGHUGLIIHUHQWFRQGLWLRQV ߝ௖ 0.01s-1 0.1 s-1 1 s-1 
850ć 0.302 -- -- 
950ć 0.163 0.276 -- 
1050ć 0.106 0.198 0.246 
1150ć 0.077 0.130 0.195 
7DEOH7KHȘYDOXHVFRUUHVSRQGLQJ'5;XQGHUGLIIHUHQWFRQGLWLRQV 
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9DOLGDWLRQRISURFHVVLQJPDSV  
 
7KHW\SLFDORSWLFDOPLFURVWUXFWXUHFRUUHVSRQGLQJWRWKHUHGDQGEOXHUHJLRQLQ)LJDQG)LJDUHREVHUYHGWR
YDOLGDWH WKHSURFHVVLQJZLQGRZGHFLGHGE\ WKHSURFHVVLQJPDS )LJVKRZV WKH6(0PLFURJUDSKVDWGLIIHUHQW
WHPSHUDWXUHVDQGVWUDLQUDWHVDWWKHVWUDLQ7KHORFDOL]HGIORZRI WKHGHIRUPHGVSHFLPHQDW&VDQG
&VLVREVHUYHGDVVKRZQLQ)LJDDQGE7KHPLFURVWUXFWXUHGLVWULEXWLRQLVYHU\XQLIRUPDW&V
DQGVDVVKRZQLQ)LJFDQGG*HQHUDOO\'5;LVYHU\OLPLWHGDWORZWHPSHUDWXUHDQGDGLDEDWLF
KHDWLQJLVGLIILFXOWWREHFRQGXFWHGDWKLJKVWUDLQUDWHGXHWRDVKRUWHUGHIRUPDWLRQWLPHZKLFKFDQUHVXOWLQIORZ
ORFDOL]DWLRQ>@  
)LJVKRZVWKHPLFURVWUXFWXUHFKDUDFWHULVWLFVRIWKHGHIRUPHGVDPSOHVDWGLIIHUHQWZRUNLQJFRQGLWLRQVDWWKH
VWUDLQ)LJ D DQGE VKRZ WKHXQVWDEOH UHJLRQPLFURVWUXFWXUHREWDLQHG DW  &V DQG&V
UHVSHFWLYHO\,WFDQEHVHHQWKDWWKHPLFURVWUXFWXUHLQXQVWDEOHUHJLRQLVHORQJDWHGDQGWKHQHFNODFHVWUXFWXUHKDV
RFFXUUHGFDXVHGE\WKHORFDOSODVWLFIORZDQGVKRXOGEHDYRLGHGGXHWRZHDNHQLQJWKHPHFKDQLFDOSURSHUWLHVRIWKH
VWHHO GXULQJ KRW SURFHVVLQJ )LJ FL UHSUHVHQW WKH PLFURVWUXFWXUH DW WKH VDIH UHJLRQ ZLWK KLJKHU Ș YDOXH
UHVSHFWLYHO\,WFDQEHVHHQWKDWWKHPLFURVWUXFWXUHVLQVDIHUHJLRQDUHRIHTXLD[LDO'5;JUDLQVZKLFKVKRZVWKHIXOO
'5;EHKDYLRURFFXUUHGXQGHU WKHVHSURFHVVLQJFRQGLWLRQV7KHVHUHVXOWVDJUHHZLWK WKHRQHVREWDLQHGIURPWKH
SURFHVVLQJPDS 
 
)LJ 6(0 PLFURJUDSKV RI &U0Q7L+ VWHHO DW D VWUDLQ RI  D &VE &V F
&VG&V 
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)LJ 2SWLFDO PLFURJUDSKV RI &U0Q7L+ VWHHO DW D VWUDLQ RI  D &V E &V F
&V G &V H &V I &V J &V K &V L
&V 
 
2SWLPL]DWLRQRISURFHVVLQJZLQGRZ 
 
&RPELQJWKHDQDO\VLVRISURFHVVLQJPDSZLWKWKHPLFURVWUXFWXUHREVHUYDWLRQWKHRSWLPXPSURFHVVLQJZLQGRZ
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